SEMICONDUCTOR CHIP HAVING MULTIPLE FUNCTIONAL BLOCKS 
INTEGRATED IN A SINGLE CHIP 
AND METHOD FOR FABRICATING THE SAME 

5 This patent application is based upon and claims the benefit of the earlier filing date 

of Japanese Patent Application No. 2001-298533 filed September 27, 2001, the entire 
contents of which arc incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

10 T Field of the Invention 

This invention relates to a semiconductor chip having a functional block positioned 
in an SOI (silicon-on-insulator) region and another functional block positioned in a bulk 
region in a single chip and a method for fabricating such a semiconductor chip. 

1 5 2. Description of Related Art 

DRAM chips having a 1T1C (l-transistor-1 -capacitor) memory cell structure have 
been widely used as an inexpensive and large-capacity memory suitable for high-density 
integrated circuits. In recent years, demand has been increasing for a system LSI, hi which 
a DRAM and a logic core are integrated in a single chip in order to improve system 

20 performance. 

On the other hand, SOI devices, such as a SOIMOSFET, using an SOI substrate in 
place of a conventional silicon bulk substrate has been attracting a great deal of attention. 
In SOI devices, transistors are formed in the silicon layer positioned on the buried oxide 
(referred to as "SOI layer") in an SOI substrate. Such SOI devices have already been mass- 
produced for use in high-performance logic circuits. Along with this trend, in order to 
further bring out the advantages of a high-performance logic circuit consisting of SOI 
devices (hereinafter referred to as an "SOI logic"), development of a system LSI or a 
system-on-chip which carries a memory (e.g., a DRAM) together with an SOI logic on a 
single chip has become an urgent necessity. 
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However, it is difficult to form a DRAM in an SOI substrate, employing the same 
structure with the high-performance logic devices (e.g., SOIMOSFETs). for several 
reasons. 

First, leakage current or fluctuation of the threshold voltage will occur during 
5 operation because electric potential of the substrate (Le., the body region) of the 
SOIMOSFET is floating. If such an SOIMOSFET is used as a path-transistor, leakage 
current (e.g., a parasitic MOSFET current or a parasitic bipolar-current) occurs depending 
on the operational conditions of the source/drain voltage, even if the gate voltage is in the 
OFF condition. For this reason, from a viewpoint of retention, the SOIMOSFET structure 
10 is unsuitable for DRAM cell transistors having a strict leakage-current spec. 

Second, the threshold voltage varies in accordance with changes in the operational 
conditions, including operation hysteresis, due to the floating body effect. Accordingly, if 
the sense amplifier of the DRAM is comprised of SOIMOSFETs, variation in the threshold 
voltage between the pair transistors is amplified, and the sense margin deteriorates. 
,5 To solve the problem of the floating body effect, a technique for fixing the body 

potential by providing a contact to the additional device region extracted from the body of 
the conventional MOSFET pattern was proposed. However, this method increases the 
occupied area of both the memory cell and the sense amplifier gready, and spoils the high 
integration feature, which is the main characteristic of a DRAM. 
20 Then it is proposed to form a bulk substrate region as a portion of an SOI substrate, 

and to form circuits, such as DRAMs, which are incompatible with the floating body 
effect, in the bulk substrate region. In fact, various methods for fabricating a substrate 
having both a bulk structure and an SOI structure (referred to as an »SOI/bulk substrate") 
have been proposed. 

25 A first approach is a SIMOX (separation by implanted oxygen) technique using a 

mask pattern (Japanese Patent Application Laid-open (Kokai) No. 10-303385, and Robert 
Hannon, et al. 2000 Symposium on VLSI Technology of Technical Papers, p66-67). With 
this method, oxygen is implanted in predetermined positions in the silicon bulk substrate to 
produce an SOI structure that coexists with the silicon bulk region . 
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A se»nd approach U a wafer bonding .echoic tor bonding a silicon subs,™. on,o 
mother silicon Substra* with ■ P-nted insulator (Japanese Pa.cn, Application Laid-open 

fKokai) No. 8-316*31). . 

A tuitd apptoach is . etch the SOI ,.ye, and the buried oxide a. a prcdc.emnned 
position of the SOI — ,0 partially expose fte base substrate, .hereby producing « 
Lk region in Ore SOI s U bs«ra,e (Japanese Paten, Application Laid-open (Kokar) No, 7- 

106434, 1 1-238860, and 2000-91 534). 

A f00 rft , ppro ach is ,0 form an ephuxiauy grown silicon ..ye, on UK base subsuare 
in order ,0 ..intinare fte >eve. difference between fte SOI substrate region and the bulk 
region resulting from fte partial etching in ft. *ird approach (Japanese Parcn, Apphcaoon 
r^a-open (Kokai) No. 2000-243944). In this method, the epitaxia. .aye, is grown ono. « 
cxcceds fte mask .ayer placed over ft. SOI substrat. region, and ften it U pUnaHa.d nsmg 

the mask layer as a siopper. 

Tte, ax. probiems wi.h rhes. approaches ,0 forming an SODbuUc subsrrate. 

6 ,s, approach de,criora,es .he crysraUine characteristic of fte SO. .ayer du. ,o 
ft. hnplanradon of oxygen ions! In addition, vo.ume expansion fta, occura when fte 
ooried oxide is formed by reaction berween sOicon and fte imphuned oxygen - a ftemral 
process canses sness, and crysta. defec, is produced a, fte boundary between Ore SOI 

substrate region and fte bulk region. 

O. second approach produces an undesirable in.erface s,a,e and a crysraWefeo 
b ycr which decora,, bo* fte crystal characteristic and the Cccrrica. characteristic a. the 
Jnding surface between fte two substrates. Such an interface state and crystal defect are 
aus to contamination and shifting of crystal orientation. 

■O, ftird approach causes a level difference between ft. SOI substrate region and 
thc hum region by an amount corresponding to ft. thickness of fte SOI layer and the 
ooried oxide. This level dtfference makes i, difficult to guarantee the focusing margtn m 
ft c photolithography process, and to conrro, the height of ft. buried insulator m the rrencb 

»hen forming isolations. 

„ fte four* approach, the crystal line characteristic of the ep.tax.al grow* Uyer 
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may deteriorate near the interface between the bulk region and the SOI substrate regton. 
This problem is caused by the fact that crystal grows from both the top face of the base 
substrate and the sidewall of the SOI layer daring the formation of the bulk growth layer. 
The crystal characteristic of the epitaxial layer having grown from the etched side face of 
the SOI substrate is inherently bad. In addition, the crystal orientations of the epitaxial 
la yers having grown from the top surface of the base substrate and from the sidewalls of 
the SOI layer are mismatched with each other at the interface between them, further 
deteriorating the crystal characteristic. 

Then, ft is conceived to cover the exposed sidewall of the SOI layer with a prorecnoo 
flta. sech as silicon airride film, before fonoiag the eptasial grow* layer in order .0 solve 
the above-described problem. 

However, if a sidewall protection film (e.g., SfaN<) exists at the boundary between 
the epitaxially grown bulk region and the SOI substrate region, a relatively large stress is 
produced in both xhe epitaxial growth layer and the SOI layer over several micrometers 
near the boundary, depending on the process conditions. Such stress may cause change » 
the mobility of the carriers and crystal defect. If a transistor is positioned in an area having 
crystal defect, the device characteristic becomes inferior. 

Funhennore, because the epitaxial growth layer is polished using the mask layer as a 
stopper, the final level of the epitaxial growth layer close to the boundary in the bulk 
region becomes higher than the SOI layer of the SOI substrate region equivalent to the 
thickness of the mask layer. To avoid the surface unevenness. a troublesome after- 
tt.atment. for example, re-polishing the epitaxial growth layer after thinning the mask 
layer must be carried out. If the epitaxial growth layer is set broad in order to form a 
DRAM macro in it, dishing, which is a phenomenon where a center portion of the layer 
sinks, occurs. The unevenness of the top surface remains as a step or a level difference » 
the subsequent processes, and adversely affects the manufacturing process. 

Therefore, a novel and improved approach to solving these problems in the 
conventional methods is desired. 
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SUMMARY OF THE INVENTION 

1„ one aspec. of the invention, a semicond„c.or chip comprises . base subs mK , a 
butt device region located on . par. of ,hc base subsuu.e and having a butt grow,., layer 
5 an SOJ device region ioca,ed on the Cher par, of fte base subs™ and having a buned 
tad*, and a silicon layer locared on rhe buried insuiaror. and a boundary .aye, loca.ed 
be,ween fte butt device region and rhe SOI device region. The bulk device region has a 
fo , device-fabrication sarf.ee in which a butt device is fabrica,ed, and ft. SO! device 
reg ion has a second device-fabricadon surface in which an SOI device is fabricated. The 
„ firs, and second devi«-fabrica,ion surfaces are posirioned a, substantial fte same .eve.. 

in another aspect of the invention, a method for fabricating a semiconductor cmp 
comprises (a) preparing an SO. substrate consisting of a base substrate, a buried insu.a,or 
on the base substrate, and a silicon layer on .be buried insulator, (b) removing a pomon of 
ft, silicon layer and the buried ta.la.0, a, a predetermined region of the SOI suhstxate. (c) 
„ forming a sidewall protection film covering fte side face of the siheon .ayer closed by 
the removal (d) exposing rhe base substrate at said predetermined region, and foraung a 
gtow* .ayer on the base substrate so as to he in alignment wift the top face of me 
sfficon layer, (e) forming isolations in the butt growth .ayer and the SOI substrate, the 
isolations having the same depth, and (f) forming devices in the butt grow* layer and rhe 

20 SOJ substrate. m 

ta soil another aspecr of the invention, a method for fabricating a semiconductor 
chip comprises (a, preparing an SOI substrate consisting of a base substrate, a buned 
inS u.ator on the base substrate, and a siUcon layer on the buried insulator, (b) removmg a 
pomon of the silicon layer at a firs, position on the SOI suhstrate and forming a fust 

, 5 isolation in the removed portion, (c) exposing the base substrate a, a second position, whtle 
keeping a side face of the silicon layer covered with the first isoUuon, (d) formtng a butt 
gr0 wth .aver from the exposed base substrate so as ,0 be in alignment with the top face of 
ft, siheon layer, (e, forming a second isolation in the butt growth layer, the second 
iso.anug being deeper than the firs, iso.ation, and « forming devices in the buh: growft 
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lavei and the SOI substrain 

fc - anorher aspect the invenuon. a med,od to, SUM • semiconductor <*t 
comprises (., P^g - SOI substrare consisting of 3 base substrate, a buried — 
on me base substrare, and a silicon Uyer on the buried insulator, W «g ■ P— - 
„, sili con Inyex -no Ihe buried insuUror - a predetermined region on *. SOI su*tm,eto 
„pose the base substrate, (C) forming a ** par. of a »ench capacitor having a ft. wrd* 
ta ft, exposed base subs,™*, (d) forming a bull, growth Uyerfrom the base substrate so as 
„ * in alignment with d- »p face of dre silicon layer, and (e) forming a second pan of 
* .end. capacitor having a second width in ft. bul* growrh Uyer. the second wroth 

being smaller than the first width. 

ta y e. another aspec. ot .he — n, a method for fabricating a semiconducror chtp 
cerises (a, preparing an SOI substrate cousisdng of a base substrate, a buried insuUror 
o„ *. base subs***, and a silicon Uyer on .he buried insulator, (b) removing a poruon of 
4. silicon Uyer and the buried insulator a, a predetermined region on the SO. substrate » 
„pose the base subs,... (c) forming a bul* growrh Uyer from d>e exposed base substrate 
. as ,0 be in aUgnment with me .op face of Ore silicon layer, (d) fonning a dummy panern 
^ in A. bul* grow* Uyer near the boundary between the bu* growth Uyer and dre 
SOI substrate, the dummy pane™ Uyer being deeper than .he buried insuU,or of the 
substrate, and Ce) fonning devices in the bulk growth layer and die SOI substrate. 

BRIEF DESCRIPTION OF THE DRAWINGS 



FIG. 1 illustrates ex; 



antplcs of the plan layout of a ^conductor chip, to which the 

present invention is applied. „ tn 

FIQ . 2 is a schematic cxcss-scctional view of .he semiconductor chrp accoromg to 

ihe first embodiment of the invention. 

HG, 3A through 30 illustrate a fabrication process of ihe semroonducror chrp 

shown in FIG. 2. 

„0. 4 is a schematic ^-sectional view o, rhe semiconductor chip accordtng ,o 



6 



the second embodiment of the invention. 

FIGS. 5A through SC illustrate a fabrication process of the semiconductor chip 

shown in FIG. 4. 

HO. 6 is a schematic cross-secrionaJ view of the semiconductor chip according to 

5 the third embodiment of the invention. 

FlGs. 7A through 7F illustrate a fabrication process of the semiconductor chip 

shown in FIG. 6. 

FlGs. 8A through 8C illustrate another fabrication process of the semiconductor chip 
shown in FIG. 6, where the steps subsequent to HO. 8C are the same as those shown in 

10 FIGs. 7D through 7F. 

FlGs. 9A and 9B axe schematic cross-sectional views of semiconductor chips 

according to the fourth embodiment of the invention. 

PIG. 10 is a schematic cross-sectional view of the semiconductor chip according to 

the fifth embodiment of the invention. 

FIGs. 11A through 11G illustrate a fabrication process of the semiconductor chip 

shown in FIG. 10. 

FIG. 12 illustrates a modification of the semiconductor chip shown in FIG. 10. 
Fia 13 is a schematic cross-sectional view of the semiconductor chip according to 
the sixth embodiment of the invention. 

FIG. 14 illustrates an example of an arrangement of the dummy capacitors used in 

the semiconductor chip shown in FIG. 13. 

FIG. 15 illustrates modifications of the dummy pattern used in the semiconductor 

chip shown in FIG. 13. 
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DETAILED DESCRIPTION OF THE INVENTION 

FIG. 1 illustrates examples of the plan layout of a semiconductor chip 10, to which 
the present invention is applied. The semiconductor chip 10 has a bulk device region 11. in 
which circuit elements are positioned in the bulk substrate domain, and an SOI dev.ce 
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r . gi on 12 in which circuit elements « * *» 501 dCm! " n - ^ 

Semiconductor chip 10 is a so-called sys.em-on.hip having multiple functions! blocks » a 

single chip. 

to Ac SOI device region 12. rn.nsis.ors are formed in the silicon layer (r e., .he SOI 
tocared on the buried tasnlaror. The SOI device region 12 is suimble for orienting 
cil cui, elements rha. require high-speed opcrarions with low power consumption because 
insularor exists directly below rhe active layer, .hereby reducing the junoion 
capacitance. Espies of such a high-speed circui. Clemen, include a ktfc device. On the 
other hand, me bulk device region 1 1 is soluble for fabricating rhose devices ma. reqmre a 
bulk soucmre in order ,o avoiding .he floating body effect and me associa<ed problems. 
Espies of such devices include a DRAM coll and a sense amplifier. 

n0 1A illustrate, an example where a single bulk device region 11 is arranged >« 
d. semiconductor chip 10, and FIG. IB musrrares an example where mumple bulk dev.ee 
res ions 11 are armnged in me semiconductor chip 10. If DRAM cells are provided as me 
cto* elements of me bulk device region 11, no. only a DRAM »I, bu, a!so me 
peripheral circuits (e.g, a sense amplifier, a power source circui., a decode circuit an I/O 
efceuit, and combinations .hereof, are arranged within the bulk device region 11 to form a 
functional block as a whole. The function* block including .he DRAM and the assocatcd 
circuit, is referred to as a -DRAM macro". If MOS transistor are formed in me SOI layer 
ta ,be SOI device region 12, a high-speed logic cixcui. U constituted. This logic circutt ts 

referred .0 as "SOIlogic". 

to order .o fealue the system-on-chip shown in FIG. 1, a so-called SOI/bulk 
substrate is required. SOI/bulk substrate has an SOI region and a bulk region on the same 
oase substrate. The conventional methods for fabricating an S0!/bulk substrate involve 
various problems, as have been described above. 

To avoid me influence of stress on the devices, an adequate margin space must be 
guaranteed between the epitaxial bulk region and the SO. substrate region. In such a case, 
,he margin space, in which devices cannot be formed, is dead space, and consequently, the 
chi e sto becomes large. Meanwhile, i, is desirable to eliminate the level dtfterence 



8. 



10 



15 



20 



25 



between the epitaxial bulk region and the SOI substrate region, and to form circuit 
elements ai a uniform level in both regions. 

Therefore, improved semiconductor chips and the fabricating methods are provided, 
whi ch can eliminate the stress between the bulk region and the SO! substrate region 
wit hout increasing chip size, and which allow the circuit elements to be positioned at a 
uniform level. In the following, various embodiments will be described using an example 
of mounting a DRAM macro and an SOI logic on a single chip. 

<First Embodiment 

' FIG 2 ilhrsrrares . semiconductor chip 10 according ,0 .he firs, embodiment of d>* 
invention. The semrcooducmr chip 10 is depicred far a cross-secuoual view *ken along the 
A-A' Hna shown fa, FIG. IB. The semiconducor chip 10 include* a base subsrrare 21. a 
bu.k device region 11 located on a parr of rhe base subsrra.e 21, an SOI device region 12 
l0C a.ed on the other pan of the base substrate 21, and a polysfficon layer 47 .ocared at Ihe 
boundary berween rhe bulk device region 11 and the SOI device region 12. The buU, 
device region 11 has a bulk growth layer 26 positioned on rhe base snbsrrare 21, rn winch 
devices are fabricated. The SOI device region 12 has a burred oxide 22 positioned on the 
base subsnare 21, and a silicon (SOI) layer 23 locared on rhe buried oxide 22, rn whrch 
device, are fabricated, In the example shown in HO. 2, the bulk growth layer 26 rs an 
cpiraxMl, grown single crysta. silicon layer, and the base substrate 21 is. for example, a p- 
type silicon base. 

The bulk device region 11 includes a DRAM cell 43 with a trench capacitor 30, and 
a MOSFET transistor 44 for necessary peripheral circuits (no, shown). These devices and 
circuits as a whole constitute a DRAM macro as a functional block. 

Th, SOI device region 12 ioclndes an SOIMOSFET45, which consdnr.es SOI logtc. 

The ,op face of dte epitaxial growdr layer 26, in which .he DRAM cell 43 and the 
peripheral MOSFET 44 are fabricated, substantially aligns with the .op face of .he SOI 
,ayer 23 in which the SOIMOSFET 45 is fabricated. Accordingly, ore devices or rhe 
circuit elements looted in the bulk device region 11 end those in the SOI device region 12 
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are positioned at substantially the same level. 

The DRAM cell 43, the peripheral MOSFET 44, and the SOIMOSFET 45 have gate 
electees 39a, 41, and 39b, respectively, which are made of, for example, polysilicon. The 
boundary layer 47 between the bulk device region 31 and the SOI device region 12 is 
polysilicon layer in the example shown in FIG. 2; however, it may be made of other silicon 
group materials, such as amorphous silicon or silicon germanium (SiGe). In order to 
reduce the number of fabrication steps, it is preferable to use a gate material for the devices 
43, 44, and 45 as the boundary layer 47. In this case, the boundary layer 47 can be 

provided via a gate dielectric film. 

The top face of the polysilicon boundary layer 47 slightly retreats from the epitaxial 
growth layer 26 and the SOI layer 23 in the example of FlG. 2. However, the boundary 
layer 47 may project from the surface of the epitaxial growth layer 26 and the SOI layer 23 
up to the height of the gate 39a, 39b, and 41 of the devices 43, 45, and 44, as indicated by 
the ghost line in FIG. 2. The gate electrodes 39a, 39b, and 41 may further have a silicide 

deposited on the polysilicon. 

The semiconductor chip 10 also has first isolations 35a isolating the devices 43 and 
44 in the bulk device region 11, in which the DRAM macro is formed, and second 
isolations 35b isolating the devices 45 in the SOI device region 12, in which the SOI logic 
formed. The first isolation 35a in the bulk device region 11 and the second isolation 35b 
the SOI device region 12 are almost the same depth. To reduce the number of 
fabrication steps, it is desirable that the first and second isolations 35a and 35b are formed 
ar iht same rime. 

In the example show in FIG. 2, the thickness of the buried oxide 22 is relatively 
large, and the second isolation 35b reaches to halfway through the buried oxide 22. 
However, if the buried oxide 22 is not as thick, the second isolation 35b may reach through 
to the silicon base substrate 21 as long as it is substantially as deep as the first isolation 
35a, penetrating the SOI layer 23. By setting the second isolation 35b to be as deep as the 
first isolation 35a, the effective distance between two adjacent devices 45 located in the 
SOI layer 23 with the second isolation 35b between them is lengthened. In this case, the 
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effective distance is the length from the MOSFET 45 to the adjacent MOSFET 45 (not 
shown) along the contour of the second isolation 35b. This arrangement can realize 
miniatured isolation with little leakage current from the interface of the damaged buried 
oxide 22, and prevent deterioration of the endurance of the second isolation 35b due to the 
current leakage. If the first and second insulators are of the same depth and made of the 
same material, they can be fabricated at once with a sufficient margin under the same 
condition. 

FlGs. 3A through 3G illustrate a fabrication process of the semiconductor chip 10 
shown in FIG. 2. 

(a) First, as shown in FIG. 3A, an SOI wafer 20 consisting of a silicon base substrate 21, a 
buried oxide 22, and an SOI layer 23 is prepared, and mask pattern 24 is formed on the 
SOI layer 25. The mask pattern 24 is formed of silicon dioxide (SiCb), silicon nitride 
(SiN, SisN«, etc.), or a composite layer of these materials. 

(b) Then' as shown in FIG. 3B, portions of the SOI layer 23 and the buried oxide 22 that 
axe nor covered by the mask pattern 24 are removed by anisotropic etching, such as 
RIE (Reactive ion etching). The etching is terminated so that a thin buried oxide 22' is 
left on the base substrate 21, for the purpose of preventing mechanical damage Or 
plasma damage to the silicon base substrate 21 . 

(c) Then, as shown in FIG. 3C, a sidewall protection film 25 is formed in order to cover 
the exposed side face of the SOI layer 23. The sidewall protection film 25 is, for 
example, silicon nitride (Si^) or silicon dioxide (SiO*). After soch a material is 
deposited over the entire surface, only the sidewall protection film 25 is left by RIE. 
The Thickness of the sidewall protection film 25, as well as that of the buried oxide 22 
to be removed, are controlled so that the remaining buried oxide 22' is maintained on 
the base substrate 21 during the formation of the sidewall protection film 24. 

(d) Then, as shown in FIG. 3D, the remaining buried oxide 22' is removed by wet etching 
using an etchant, such as NRJ or HF, to expose the silicon base substrate 21 without 
damage. Then, after a predetermined pretreatment, a single crystal silicon layer 26 is 
formed on the exposed silicon base substrate 21 by selective epitaxial growth (e.g., 
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chemical vapor deosirion). 

If the sidewall prelection film 25 is made of silicon dioxide (Si0 2 ) in the previous 
steP , the sidewall protection film 25 may also be slightly etched when removing the 
remaining buried oxide 22' by wet etching. However, by sufficiently reducing the 
thickness of the remaining buried oxide 22' in the step shown in FIG. 3B. silicon base 
substrate 21 is exposed without revealing the side face Of the SOI layer 23. 

If the sidewall protection film 25 is made of silicon nitride (SW in the previous 
step, process controllability is improved, in the first embodiment, the sidewall 
protection film 25 is to be removed in a later step. Accordingly, even if the sidewall 
protection film 25 is made of Si 3 N 4 . it will not cause serious stress near the boundary 
in the final product, and priority can be given to process controllability, 
(e) Then, as shown in FIG. 3E. the mask pattern 24 remaining on the SOI layer 23 is 
removed, and a mask layer 27 is newly formed over the entire surface. If the former 
mask pattern 24 is made of Si 3 N<, it can be removed using phosphoric acid. If the 
former mask partem 24 is made of Si0 2 . it can be removed by hydrogen fluoride (HF). 
The sidewall protection film 25 can also be etched depending on the material; however, 
the etched portion is to be filled with the new mask layer 27, which is also made of 
SiO*, Si^N*. or a composite layer of these materials. The mask layer 27 is patterned, 
and the DRAM trench capacitor 30 is formed using .he mask pattern 27 using a 
technique desired. For example, a trench is formed by RIE or other suitable methods, a 
lower diffusion plate electrode 31 is formed, and the trench is filled with, for example, 
n -type polysilicon via a dielectric film (not shown) to form a storage electrode 29. A 
collar oxide 32 is formed, and the trench is further filled with polysilicon. A strap 33 is 
formed for electrically connecting the electrode 29 to the n-source/drain 40a (FIG. 2) of 
the cell transistor, and the trench is finally filled with, for example, n-type polysilicon. 
(t) Then, as shown in FIG. 3F, isolations 35a and 35b are formed in the bulk device region 
11 and the SOI device region 12 collectively. To be more precise, the mask layer 27 is 
patterned, and trenches with the same depth are formed for isolation in both the bulk 
device region 11 and the SOI device region 12. These trenches are filled with an 



^ulatox using the masks 27 as stoppers, to this manner, the first isolations 35a in the 
bulk device region 11 and the second isolations 35b in the SOI device region 12 are 

formed at the same time. 

If an etching condition that silicon and silicon dioxide are etched at the same 
etching rate is set, the trenches for the first and second isolations in the bulk device 
rCg ion 11 and the SOI device region 12 can be dug at the same rate until the trenches 
reach the depth necessary to make the isolations between the straps 33 of the DRAM 
cells, between transistors of the peripheral circuit, and between the SOI devices. The 
trenches are then filled with the same dielectric material, thereby completing the first 
and second isolations 35a and 35b. 
(g) Finally, as shown in FIG. 3G, the buried insulator in the trench is etched back 
approximately to the top faces of the SOI layer 23 and the epitaxial growth layer 26. 
The mask layer 27 is also removed. Even in case that the sidewall protection film 25 
remains, it is removed during the removal of the mask layer 27 and in an additional 
etching process carried out if necessary, and a recess 46 is formed. Then, the recess 46 
is filled with a silicon group material to produce the boundary layer 47 shown in FIG. 
2. Filling the recess 46 may be carried out as an independent step, or alternatively, the 
recess 46 may be filled up when gate electrodes 39, 41 are fonned. In the former 
case, wells and channels are formed, if necessary, using an ion implantation technique 
after' the recess 46 is filled. Gate electrodes 39, 41 are formed via the gate dielectrics 
48, and source and drains 40 and 42 are formed. In the latter case, the gate electrodes 
39, 41 are made of a silicon group material, such as polysilicon or SiGe, and the recess 
46 is automatically filled with the gate material when forming the gate electrodes, to 
either case, the SOI layer 23 is coupled with the single crystal silicon epitaxial growth 
layer 26 via the same silicon group material between them. 
'After the gate electrodes 39, 41 are fabricated, interlevel dielectrics and 
interconnections are formed according to a desired MOSFET fabrication process. Thus, a 
semiconductor chip having a DRAM macro and an SOI logic core in a single chip is 
fabricated. If a salicide is provided over the gate electrodes and sources and drains when 
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forming transistors, k is preferable ro protect the boundary with a mask in the structure 
shown in HG. 2 in order to prevent deformation of the polysilicon layer 47. If the 
polysilicon layer 47 projects from the device-fabrication surface overlapping the source 
and drain, the recess is protected by the polysilicon itself, and therefore, salicide process 
can be carried out without an additional protection mask. 

fa the example shown in FlG. 2. the buried oxide 22 is relatively .hick, and the 
interface between the base substrate 21 and the epitaxial growth layer 26 is located deeply. 
Accordingly, the pn junction of the strap 33 and the source and drain of the DRAM cell 43 
can be positioned shallower than the interface between the base substrate 21 and the 
epitaxial growth layer 26 for the purpose of reliably separating the pn junctions from the 
interface; This arrangement can prevent junction leakage and maintain the retention 
characteristic of the memory cell, even if the interface state deteriorates due to process 
conditions. 

Since, in the first embodiment, the epitaxial growth layer 26 of the bulk device 
region 11 and the SOI layer 23 of the SOI device region 12 are coupled with each other via 
a silicon group material, such as polysilicon or SiGe, Stress at the boundary is reduced. 
Consequently, crystal defect due to stress is prevented. 

Changes in mobility due to stress between two regions are also prevented, and those 
devices located near the boundary can be effectively protected from deterioration. 

The boundary layer is located at the position where the sidewaU protection film for 
covering the SOI layer used to exist, and therefore, increase in chip size is prevented. In 
addition, the device-fabrication surfaces of the bulk device region and the SOI device 
region are located at the same level, which is advantageous for the subsequent processes 
for fabricating trench isolations and gate electrodes using a lithography technique. 

The second isolation in the SOI device region 12 is at the same depth as the first 
isolation in the bulk device region 11. Consequently, the second isolation in the SOI device 
region 12 can effectively prevent leakage current from the interface of the buried oxide. 

The system-on-chip shown in FIG.2, which has a DRAM macro and SOI logic on a 
single chip, is capabl, of high-speed data transfer berween them at a reduced level of 
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power consumption. 

Tb, bulk device region 11 in^des no, only the DRAM cells 43, bur also the 
peripheral drc.il 44 which form . functional bloc* (i.e., a DRAM macro) as a whole, and 
consequent!,, me cireni. design or the device design orally developed for a bulk 
substrate is applicable as i, is ,0 an SOI/bulk subsume. Of course, the bulk device region ot 
,he SOI/bulk substrate may include other fnncrional macros developed for a bulk substrate, 
s „eb as an analogue cireuir macio, a high-breakdown-voltage circuit macro, and memory 
^cro odrer rhan DRAM, m such a case, the circui. designs for rhese macros can be 
epplied ro rhe SOMmlk subsonic ro form a system-on-chip semiconducror chip. 

Using the fabrication method of .be first embodiment, Are isolations in both the bulk 
device region and the SOI device region, whose device-fabrication surfaces are a, 
substantially rhe same level, are formed at once a, >he same etching rare so as lo have che 
same deprh. Accdrdmg.y. tire process conditions, such as rhe rhickness of .he drelecttrc for 
fd.ing dre trench and the erchback rime, are substentially tire same over dre bulk dev.ee 
region and dre SOI device region. Consequently, rhe process for fabricating dre isolations 
is simplined- 

<Second Embodiment 

FIG. 4 illustrates a semiconductor chip 50 according to the second embodiment of 
th e invention. The semiconductor chip 50 includes * base substrate 51, a bulk device 
region 11 having an epitaxial growth layer 56. and an SOI device region 12 having a 
buried oxide 52 positioned on the base substrate 51 and an SOI layer 53 on the buried 
oxide 52. Ibe bulk device region 11 has a first device-fabrication surface, in which devices 
43, 44 are positioned. The SOI device region 12 has a second device-fabrication surface, in 
which MOSFETs 45 are positioned. The semiconductor chip 50 also includes a first 
isolation 65a isolating the devices 43, 44 in the bulk device region 11, a second isolation 
65b isolating the SOfMOSFETs 45 in the SOI device region 12, and a third isolanon 6,c 
located at the boundary between the bulk device region 11 and the SOI device region 12. 
to this embodiment, the third isolation 65c is the boundary layer. 
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„, the second embodiment .he device* 43, 44 and other circuit element, (no, shown) 
c onsti.».e . DRAM macro in the bu* device region 11, and .he SOlMOSFETs 45 
constitute an SOI logic in the SOI device region 12, as in .he first embodiment 

He first second and .bird isolations 65a, 65b, and 65c are of rhe same depdr and 
m ade of dr. same dielecrric material, lie isolations 65a, 65b and 65c are deeper U.an .he 
buried oxide 52 of dte SOI device region 12. The first device-fabrication surface of the 
bulk device region 11, in which the DRAM ceB 43 is formed, is in substantial alignment 

dre second device-fabrication surface of the SO. device region 12, in which .be 
SOIMOSFET 45 is positioned. Consequently, dre devices 43, 44 drat constirure rhe DRAM 
macro and rhe devices (SOIMOSFET) 45 rbax consrirme .he SOI logic are positioned a. 

substantially the same level. 

The bulk device region 11 has the epitaxial growth layer 56 of single crystal silicon, 
as a bulk growth layer. The SOI device region 12 has the buried oxide 52 and the SOI layer 
53 over the silicon base substrate 51. The total thickness of the buried oxide 52 and the 
SOI layer 53 is set at less than in the structure of the first embodiment. By reducing the 
thickness of the buried oxide 52. heat generated during operation of the SOI device escapes 
to ^ base substrate 51 effectively. This arrangement is desirable when deterioration of 
device characteristics due to heat has to be prevented. 

Since the third isolation 65c is deeper than the buried oxide 52, it can prevent crystal 
defects, such as dislocation, generated at the boundary from spreading into the epitaxial 
growth layer 56. 

FIGs. 5A through 5C illustrate a fabrication process of the semiconductor chip 50 
shown in FIG. 4. FIG. 5 A follows the step shown in FIG. 3D. Steps 3A through 3D are 
in common with those in the first and second embodiments, except for the thickness of the 
buried oxide, and the explanation for them will be omitted. 

in the first embodiment, the problem of stress was solved by removing the sidewall 
protection film and by filling the boundary with a silicon group material. However, if the 
epitaxial growth layer in contact with the sidewall protection film has already been 
damaged, the measure in the first embodiment is insufficient. 
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Then, in the second embodiment, to remove the crystal damage itself, an SOI 
substrate with a buried oxide thinner than that used in the first embodiment is used, or the 
depth of the isolations including one located at the boundary are set deeper than the buned 
oxide. The sidewall protection film and the area containing deteriorated crystal near the 
boundary are removed altogether when forming trenches for the isolations. 

To be more precise, after the epitaxial growth layer 56 is formed in the bulk device 
region, as shown in FlG. 3D, mask layer 57 is formed over the entire surface covering the 
epitaxial growth layer 56, the SOI layer 53, and the sidewall protection film 55. The mask 
layer 57 is patterned into a predetermined pattern, and DRAM trench capacitor, 30 are 

formed, as shown in FIG. 5A. 

Then, as shown in FIG. 5B. isolations 65a, 65b, and 65c are formed in the bulk 
device region 11, the SOI device region 12, and a, the boundary between them at the same 
time. If an etching condition where silicon, polysilicon, silicon nitride, and silicon dioxide 
are etched at the same rate is selected, trenches with the same depth can be formed at once 
in the same etching time. All the trenches are deeper than the buried oxide 52 of the SOI 
device region 12. Because the sidewall protection film 55 at the boundary is no deeper than 
the buried oxide 52, the sidewall protection film 55 and the area containing crystal defects 
near the boundary are removed altogether when forming the isolation trenches. The first 
isolation 65a in the bulk device region (or the DRAM macro) 11, the second isolation 65b 
• m ,he SOI device region (or the SOI logic) 12, and the third isolation 65c at the boundary 
are formed at once by filling the trenches with the same dielectric material. 

Then, as shown in FIG. 5C, the insulating layer filled in the trench is etched back, 
and the mask layer 57 is removed. Devices 43, 44, 45 are formed at predetermined 
positions, and the semiconductor chip 50 illustrated in FIG. 5 is accomplished. 

In the second embodiment, the isolation 65c located at the boundary is deeper than 
the buried oxide 52, and the sidewall protection film 55 and the area containing crystal 
defect near the boundary are removed altogether when fabricating the isolation. With this 
arrangement, stress is reduced in the final product, and crystal defect, such as dislocation, 
is prevented from spreading from the boundary to the epitaxial growth layer 56. 



This arrangement has the additional advantage that conventional isolation technique 
is applicable directly to the boundary treatment. The advantages of the prevention of 
increase in chip size and of the even and uniform device-fabrication surface arc the same 
as those in the first embodiment. 

5 

<Third Embodiment 

HO 6 schematically illustrates the semiconductor chip 70 according to the third 
embodiment of the invention. The semiconductor chip 70 comprises a bulk device region 
U in which a DRAM cell 83 and a peripheral MOSFET 84 are positioned, and an SOI 

10 device region 12, io which . SOIMOSFET 85 is positioned. The bulk device region 11 
includes first isolations 79, and the SOI device region 12 includes second isolations 75a, 
75 which are shallower than the first isolations 79. 

Whichever the first or the second isolation thai is positioned closest to the boundary 
actions as a boundary layer, in the example shown in FIG. 6, second isolation 75a 

, 5 located at the boundary in the SOI devoice region 12 becomes the boundary layer, and it is 
in contact with the buried oxide 72 ai the bottom. Of course, first isolation 79 located at or 
nearest to the boundary in the SOI device region 11 can be the boundary layer, depending 
on the design. In such a case, first isolation 79 located at the boundary overlap the endmost 
first isolation 75a and a portion of the buried oxide 72 under the isolation 75a, although 

20 this configuration is not illustrated in the drawing. 

The bulk device region 11 has an epitaxial growth layer 76 as a bulk growth layer. 
DRAM cell 83, and the peripheral MOSFET 84 positioned in the epitaxial growth layer 76 
constitute a DRAM macro. The SOI device region 12 has an SOl layer 73 and a buried 
oxide 72 over the silicon base substrate 71. MOSFETs 85 formed in the SOl layer 73 

25 constitute SOI logic. These devices are positioned at a uniform level over the bulk device 
region 1 1 and the SOI device region 12. 

The semiconductor chip 70 of the third embodiment has the optimum isolations 
suitable for the bulk device region 11 and the SOI device region J2 independently, and 
Uaerefore, the deprh of the first isolation 79 and the second isolarion 75 differ from each 
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od* Either .he tot or secottd isolation, whichever is located a, or nearest to the boundary 
,« g second isolation 75a in the SOI device region 12 in the example of FIG. 6), functions 
as bounds layer between me bulk device region 11 and the SOI device region 12. 

The optimum arrangement of isolation is desirable when the SOI logic reqntres 
p^icnlarly miniaturized pattern. In fact, logic design often requires miniature isolations, 
fa order to form a trench deeper than .be buried oxide m the SOI subsn-a,e in a 
cfccums.ance where high miniaturization is required, me mper angle of .he .rench must be 
precisely controlled dnring e.ching of me side faces of me SOI layer and ,be baried ox.de. 
in addition, if .he poswreatmen. etches either me SOI layes 73 or me buried oxide 72 too 
umcb, me side feces of me trench become uneven. Wimou. precise angle control m the 
angle or .he tream.ent, a void is lef, inside the Bench even after me «encb is filled with a 
dialectic ma.eria.. After .ha surface of the dielectric material is etched, dre void can 
change ro a holJow. In tins case, when fabricating gate electrodes, the gare ma^a! wdl 
enter the hollow, which may canse short-dicuit or connection error. 

For mis reason, me optimum isolation is provided to the SOI device region 12 in the 
third embodiment. This arrangement has an advamage of gnanmmeing reliable operation, 
while preventing short-cucuit of the gate electrode or connection error, in addinon .o rhe 
aforementioned advantages of .he reduction of stiess. prevention of increase in chrp srde, 
Mid uniform level of device-fabrication surfaces. 

fa faa semiconductor chip 70. whichever .he firs, or tire second isolation located 
neares, to me boundary functions as the bounds region. Accordingly, devices can be 
arranged a. rbe closest possible position <o the boundary, and dead space can be gready 
reduced. 

f jGs 7A through 7F illustrate a fabrication process of the semiconductor chip 70. 
(a) First, as shown in FIG. 7A, shallow isolation 75 is formed inside the SOI device region 
12. and another shallow isolation 75a is formed at the boundary over both the bulk 
device region 11 and the SOI device region 12. To be more precise, a mask material, 
such as silicon nitride, is deposited over the SOI substrate consisting of silicon base 
substrate 71, buried oxide 72. and SOI layer 73. The mask material is patterned into a 
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M mast 74. Shadow inches are fOnoed by «E - *. exposed positions, which are 
Aen sued witi, . die.^ — «. such as SiO, ,o form se»nd isoUtions 7= sod 



75 

v _. r 7B a second mask material (e.g., resist) is placed over the 

ih\ Then as shown in FIG. 7t*. a seconu ju« v 

W 1: — - ^ pacerned - a second mas* 77 so - . cove, me SOI devme 
rcgion ia sad the 75a positioned at the boundary. Using the second mas* 77, 

o, dm «- .as, 74. dm SOI ..ye, 73, me boundary isolation 75. and , e 
Led oxide 72 are embed. Prefembly, .be firs, mas, 74. ,he SOI layer 73, the 
^tiary isoladoo 75, and down ,o halfway d«*b .he buried oxide 72 are removed 
by RJE, and the silicon base substrate 71 is finally revealed by wet etching. 

„ is no. necessary ro form a sidewa.1 protection film tor greeting dm SOI layer 
ra ueeause tine side face o, the SOI layer 73 is aheady covered with .he second 
„*. 75a located at dte boundary. Since bod. the burled oxide 72 and tire second 
^Ution 75a are SKVrelamd composite layers, the etching process is swirched to we, 
tMt a, the final momen, for revea,ing dte siUcon base substrate 71. Wet process 
aUo ws portions of bom «he buried oxide 72 dixecdy on the base substrate 71 and the 
second nation 75a projecting into the buUt device region 11 to be removed without 
damaging the base substrate 71. 
,c, ta as shown in HO. 7C, .he second mas* 77 is removed, and a single crystal sthcon 
W 2 Uyer 76 is fonned on the exposed sUicon base — 71 b, ep.tax.al grow* 
until it reaches the leva, of the SOI layer 73, thereby defining a bulk device reg.cn 
in the SOI substrate. 

ro, Then, as shown in FIG. 7D. the firs, mas* 74 is removed if necessary, and a new ma* 
C formed. Using the mas* parren, 7 S> a trench cepacia 30 is faoricamd in the budc 

device region 11 as described in the first embodiment. 
w L. as shown in FIG. 7E, firs, isoiation 7,. which is deeper man dte second — 

75 is formed in the bulk device region 11. 
w FiMll y, as shown in FIG. 7F, .he didecn* f,l.ed in me .rench is embed be* and a- 

^ 7d is removed. Transistors S3. «4, and 35 constituting a DRAM and SOI logrc axe 
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fabricamd on me bulk device region 11 and ,he SOI device region 12. 

F10 8A through SC illustrate an alternative process for fabricating .he 
S cmicond»cor chip 70. In .he process shown in FIGS. 7A through 7F, rhe shaHow 
isolations 75 and 75. were formed only in .he SOI device region and ar ft. bonndary, and 
4. area ma, is to be a balk device region was covered with the mask 74 prior » forming 
btdk device region. In me process shown in FIO. 8, UoUdon 75a is formed over me 
entire area thai is TO be the bulk device region. 

ft* as Shown in FIG. 8A. a firs, mask layer is placed over the entire surface of the 
SOI layer 73. and is patterned into a first mask 74 so as . cover only those areas ma, are * 
become active areas in rhe SOI device region 12. The SOI layer 73 of the uncovered areas 
0 e me area ma, is * be a bulk device region 11 and me areas ma, are to be me isolations 
m me SOI device region 12) is removed, and dielectric layers 75 and 75a ere formed. 

Tten. as shown in FIG. SB, a second mask (e.g., a resist) 77 is provided over me 
SOI device region 12 and me portion of the bulk device region 11 near me boundary. In 
cmer words, the second mask 77 covers me entire area of the SOI device region 12 and 
dighdy proiects too me bulk device region 11. The isolation 75a and me boried oxide 72 
« removed continuously by we, etching nsing me mask 77. Sinca a portion of me 
nation 75a remains a, me boundary, the sOicon base substiare 71 Is revealed with me 
side face of the SOI layer 73 automatically promoted by the boundary isolation b* 
without damaging the silicon base substrate 71. 

Then, as shown in FIG. SC, an epitaxial growth layer 7d is formed on me exposed 
base subsume 71 by selective epitaxial growth. 

The subsequent steps are the same as those in FIGs. ID through 7F. Usmg the 
roeth0 d shown in FIG. 8. me mp face of me silicon base subsume 71 can be ,ev«aled b, a 
stoele step of we, etching. Accordingly, even if the optimum isolations am fabricated m me 
bulk device region 11 and me SOI device region, independently, with different depth and 
trials, me fabrication process of me semiconductor chip is simplified as a whole. 

ta eim-r method shown in FIG. 7 or 8, epitaxial growth and formation of tiencb 
capacitors, which accompany thermal processing at a high temperature, are carried ou, 
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after the isolations are formed in the SOI device region. Therefore, stress in the SOl device 

region can be reduced. 

Devices can be fabricated at a uniform level over the bulk device region 11 and the 

SOI device region, as in the previous embodiments. 

Since boundary isolation 75a, which belongs to either the bulk device region 11 or 
the SOI device region 12, is provided in advance before epitaxial growth, the side face of 
the SOI layer 73 is automatically protected without requiring an additional step for forming 

a sidewall protection film. 

Removing both the boundary isolation 75a aod d* buried oxide 72 bv we. aching 
ffl avoM damage .o d» silicon base subsmue 71 when revealing .he top surface d.ereot 

<f ounh Embodiment 

FIGs 9A and 9B illustrate semiconductor chips according to the fourth embodiment 
of the invention. Tie fourth embodiment is a combination of the second and third 
embodiments. Isolation deeper than the buried oxide is provided at the boundary, winch 
allows a sidewall protection film to be completely removed together with the surround^ 
area containing crystal defect, and at the same time, isolations are optimized in both the 
bulk device region and the SOI device region. 

!n the example shown in FIG. 9A, a semiconductor chip 90A comprises a base 
substrate 91, a bulk device region 11 having an epitaxial growth layer 96 positioned on the 
base substrate 91. and an SOI device region 12 having a buried oxide 92 on the base 
substrate 91 and an SOI layer 93 on the buried oxide 92. Devices 94, 98 are positioned in 
the epitaxial growth layer 96 in the bulk device region 11, and devices (SOIMOSFET) 45 
are posidoned in the SOl device region 12. The semiconductor chip 90A also has first 
isolations 95a separating the device. 94, 98 in the bulk device region 11, second isolations 
95b separating the device 45 in the SOI device region 12, and a third isolation positioned at 
lh e boundary between the bulk device region 11 and the SOI device region 12. The second 
isolation 95b positioned in the SOI device region 12 is shallower than the first and third 
isolations 95a and 95c. The third isolation 95c positioned at the boundary is deeper than 
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the buried oxide 92, and can prevent crystal defect, which may occur ai the edge of the 
buried oxide 92 or the sidewall protection film, from spreading toward the bulk device 
region 11. 

The device-fabrication surfaces of the bulk device region 11 and the SOI device 
region 12 align with each other, and therefore, a DRAM cell 98 and other circuit elements 
94 arranged in the bulk device region 11 and an SOIMOSFET 45 positioned in the SOI 
device region 12 are at a substantially uniform level. 

- To fabricate the semiconductor chip 90A, those steps up to fabricating DRAM 
trench capacitors are the same as those shown in f IGs. 3A through 3E, or in FIGs. 7A 
through 7F. Then, first isolations 95a in the bulk device region 11 and a third isolation 95c 
located at the boundary are formed using the same lithography process. If the steps 
shown in FIGs. 3A through 3E are employed/ the sidewall protection film and its 
surroundings containing damaged silicon are removed at once when forming the third 
isolation 95c. Second isolations 95b are formed in the SOI device region 12 by a separate 
Urography process even if the processes shown in FIGs. 3A through 3E are used. In the 
example shown in FIG. 9A, third isolation 95c slightly overlaps the buried oxide 92, 
getting into the SOI layer 93. However, it may slightly project into the buried oxide 92, 
depending on the etching condition- If the endmost second isolation 95b in the SOI device 
region 12 is located very close to the boundary, the endmost second isolation 95b and the 
boundary isolation (i.e., the third isolation) 95c may overlap each other, resulting in the 
third isolation 95 with the same structure as that shown in FIG. 9A. 

In the example in FIG. 9B. a semiconductor chip 90B has a first isolation 97a 
separating a DRAM cell 98 in the bulk device region 11, a second isolation 97b separating 
an SOIMOSFET 45 in the SOI device region 12, and a third isolation 97c located at the 
boundary. The first and second isolations 97a and 97b are of substantially the same depth, 
and are shallower than the third isolation 97c. The third isolation 97c is set to be deeper 
than the buried oxide 92 in order to remove the sidewall protection film (not shown) 
Together with the nearby damaged silicon. 

The first isolation 97a for the DRAM cell 98 is as shallow as the second* isolation 
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97b separating the SOI device 45 in order to reduce the plug resistance of the storage node 
electrode 29 of the trench capacitor 30. In this manner, isolations in both the bulk device 
region 11 and the SOI device region 12 are optimized. The fourth isolations 9?d for 
separating the peripheral MOSFETs 94 may be fabricated at the same depth and at the 
same time as the third isolation 97c using the same material. Alternatively, the fourth 
isolation 97d may be formed together with the fist and the second isolations 97a and 97b. 

In either example of FIG. 9A or 9B. the devices (e.g. DRAM cells 98) arranged in 
the bulk device region 11 and the devices (e.g, SOlMOSFETs 45) arranged in the SOI 
device region 12 are positioned at a uniform level. 

Because the sidewall protection film and the nearby area in the bulk growth layer 96, 
which may have been damaged, are removed at once when forming isolations, problems 
caused by stress can be eliminated. In addition, isolations can be optimized in both the bulk 
device region and the SOI device region, and operation reliability is improved. The 
advantages of avoiding an increase in chip size and of the uniform level of me device- 
fabrication surfaces are the same as those in the third embodiment. 

<Fifth Embodiment 

FIG. 10 illustrates a semiconductor chip 100 according to the fifth embodiment of 
the invention. 

Semiconductor chip 100, which is a system-on-chip having multiple function blocks, 
makes mor. efficient use of the bulk device region 11 when DRAM cell with trench 
capacitors are formed in the bulk device region 11. Consequently, the storage capacitance 
Of the DRAM is increased without increasing the area size, or in other words, the trench 
capacitors are arranged at a higher density. 

The semiconductor chip 100 comprises a base substrate 101, a bulk device region 11 
having an epitaxial growth layer 106 formed on the base substrate 1 01, and an SOI device 
region 12 having a buried oxide 102 positioned on the base substrate 101 and an SOI layer 
positioned on the buried oxide 102. In the bulk device region 11, DRAM cells 143 are 
formed. In the SOI device region 12, SOIMOSFET devices 45 are formed in the SOI layer 
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103 The semiconductor chip 100 also has a first isolation 105a separating the DRAM cell 
143 in the bulk device region 11. a second isolation 105b separating the MOSFET 45 in 
the SO[ device region 12, and a third isolation 105c located at the boundary between the 
bulk device region 11 and the SOI device region 12. In the bulk device region 11. the 
peripheral MOSFET 144 is isolated by the fourth isolation 105, which is of the same depth 

as ibc third isolation 105c. 

m the example shown to FIG. 10, the third Marion 105c is position,* at .he 
boundary independendy, and is set to be deeper than toe buried Oxide 102. Howavar, as 
fllustrated to the tod embodiment referring to FIG. 6, either the andmos. second iso.at.on 
105b in the SOI device region 12 or toe endmost four* isolation 105d to toe MB devtce 
region 1 1 may function as the boundary isolation. 

The DRAM cell 143 formed in the bulk device region 11 has a trench capacitor 130 
consisting of a lower part (or ft* part) located under the interface between epitaxial 
g^wth laver 106 and the base substrate 101, and un upper part (or second pan) located 
above the interface (Le., in the epitaxial growth layer 106). The width or the lateral exoss- 
sectional area of the lower part is greater than that of the upper part. The lower pan (or the 
fim pan) Of the trench capacitor 130, which is positioned under the interface with the bulk 
growth layer 106, extends into at least a part of the region directly below the gate 39a of 

the DRAM cell transistor. 

By expanding the trench capacitor 130 toward the region directly below the Cell 
tranS istor, the storage capacitance can be increased without increasing the area size of the 

DRAM sell array (not shown). 

The semiconductor chip 100 having the above-described capacitor structure makes 
good use of the SOI/bulk substrate fabrication process required for a system-on-chip. In 
or der to fabricate a SOI/bulk substrate, a predetermined area of the SOI layer 103 and the 
buried oxide 102 are removed from the SOI substrate to reveal the base substrate 101. 
Then the epitaxial growth layer 106 is grown from the exposed surface of the base 
substrate 101. H the capacitor structure shown in HO 10 is realized in a DRAM chip using 
a bulk substrate, the lower par, (or first pan) of the trench capacitor is formed in the bulk 
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s U os,m,e, and ton, . silicon Uyer has ,o be cpuatdan, grown on to bulk sub,™ by a 
separate process m order ,0 form to UPP« P» (- — P-» — * * ' ' 
on -chip 100, * profile or to .each capacitor can be adjured l~ a desname form by 
^ use of to fabrication process of .be SOI/bulk substrate, and toreby rncreasrng .he 

""^rtrLgb UG Mus,ra,e a fa— P-ess of .he semiconducmr cbip 

irTlTlHl FIG. 11A, a mask P— 10* made of a. arbiumy mask matcr* 
( e,., SiO„ « «*0 « a composite mamrial * formed °» «- «« ^ " 
f a silicon (Si) base — ,01, a buried oxide 102, and aa SOI .aye, *3. In to 
„ea ,ha. Is no. covered wi* to mask panem 104, to SOI lave, 103 and to buned 
oxide 102 axe removed by, for example, UE in order ,o pardally reveal to base 
subsnate 101. The las, stage for removing to buried oxide 102 may be conduced by 
we. etching in order .0 minimise damage ,o to silicon base sobsTa.e 101. 

W Then, as sbown in FIG. 11B. a lower par, (or firs, par., of to DRAM Bench capacnor 
is formed in to exposed siKcon base subs,ra,c 101. For examp.e, a rrencb is formed by 
Bg, and a lower diffusion pUre 131 is formed. Dielecrric (no. shown) is formed m to 
and to rrench is filled with prtysilrcon up » to middle. Cote oxide 132 is 
formed, and to uench is funher fated with to polysilicon ,o form to s.orage node 
e,ec,rode 129, wbich is ro be to lower par, (or firs, par., of to «-* ca P aci,or 

extending into the base substrate 101. 

« -prr lie a stopper 133 and a sidewall protection film 134 are 
/>. Then, as shown in FIG. a sroppw 

" £OT meo „ cover to ,ower pas, of rhe .ench capaciror and to 

SOI .ayer 103, respecuvely. The s.opper 133 and to sidewall proton film 134 are 

made of silicon nilride or otor suitable marerial. 
(d) as shown in FIG. 11D. an epiraxia. grow* layer ,« is formed on to expo. 

to e subsume ,01 so as ,o be in alignmen. wim to .op face of to SO. layer 103. The 

epitaxial *ovnh layer 106 is formed by se.ecuve epiraxia. grow* using, for example, 

dichmloresilane (SiHzCh) as a source gas. 
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(e) Then, as shown in FIG. HE, a mask pattern 114 is formed over the bulk device region 
11 and the SOI device region 12, and an opening that reaches the first part of the trench 
capacitor 130 is formed in the expitaxial growth layer 106. The width or the lateral 
cross-sectional area of the opening is smaller than that of the first part formed in the 
base substrate 101. A collar dioxide 135 is formed on the sidewall of the opening, and 
the opening is filled with polysilicon to form a second part (or an upper part) of the 
trench capacitor 130. The second pan electrically connects the first part to the cell 
transistor that is to be formed above the trench capacitor 130. 

(f) Then, as shown in FIG. lift fist isolations 105a positioned in the bulk device region 

11, second isolations 105b positioned in the SOI device regionl2. and a third isolation 
105c located ax the boundary between the bulk device region 11 and the SOI device 
region 12 are formed. When forming the third isolation 105c, the sidewall protection 
film 134 and the surrounding area containing damaged silicon are removed. Although 
n0 shown in FIG. 11F, isolations for the peripheral circuit (not shown), which may be 
formed in the bulk device region 11, are also formed at this stage. The third isolation 
105c may be formed by a separate process from the first and second isolations 105a. 
105b. Because the width of the second part (i.e., the upper pan) of the trench capacitor 
130 formed in the bulk growth layer 106 is relatively small, it is desirable for the first 
isolation 105a to be as shallow as the second isolation 105b in the SOI device region 

12. Alternatively, they may be formed together with the first and second isolations 
105a and 105b in the same process for simplicity of the process. 

(g) Then, as shown in FIG. 11G, DRAM cell transistors 143 and SODvIOSFETs 45 are 
formed in the bulk device region 11 and the SOI device region 12. respectively. 
Transistors constituting the peripheral circuit 144 may also be formed, thereby 
producing the semiconductor chip 100 illustrated in FIG. 10. 

FIG. 12 illustrates a modification of the semiconductor chip 100. The modification 
shown in FIG. 12 is a combination of the DRAM cell structure of the fifth embodiment 
shown in FIG. 10 and the boundary structure of the third embodiment shown in FIG. 6. 
The modified of FIG. 12 also includes a structural example of multilevel 
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^.connection formed on or above tire device-fabricatio. surfaces of the bulk device 

region 11 and the SOI device region 12. 

We semiconductor chip shown in FIG- 12 has firs, isolations 107a separating the 
DRAM cells 143 in tire bulk device region 11. and second isolations 107b, 107c separating 
tire devices («.g, SOIMOSFETs) 45 in .he SOI devi« region 12 He endmos, isolaoon 
107c in die SOI device region 12 functions as a boundary layer. 

BI. tines 125 and word tines are provided above ,he DRAM cells 143. The drain of 
rfae DRAM cell 143 is connected .o .he associated bir line 125 via tire bit-line comae, plug 
12 4 in tite SOI device region 12. sflicrde 123 is provided on the source and draur of .he 
SOIMOSFET 45 for tire purpose of reducing resis.ance. Tnc SOIMOSFET 45 is connected 
to tire upper layer Al interconnection 127 via the plug 128. 

TO fabricate tire semiconductor chip shown in FIG. 12, the second isolations 107b. 
10 7c are formed in tire SOI device region 12 in advance, and tee silicon base substrate 101 
is revealed in tire predetermined area using eitirer .he process illustrated in FIGS. 7A and 
7B or tire process shown in FIGS. 8A and SB. Then, a relatively wide firs, par, of tire 
rrencb capadror is formed in tire exposed silicon base subsrrate 101. Then, tire s.opper 133 
is puced on the , op face of the firs, par, of ti,e drench capaciter 130, and bulk grow* layer 
10 6 is formed by, for example, selective epitaxial grow* on me silicon base subs,ra,e 101. 
Durin. dre epuexial growrh, me side face of dre SOI layer 103 is protected by tite endmos, 
second isolation 107c positioned a, dre boundary, which amomarically funcuons as a 

sidewaU protection film. 

Then, the second par, of ,he teench capacrror 130. which is narrower dran tire firs, 
pan . is formed in the epnaxial growth layer 106. The firs, isolations 107. are also formed 
in .he epitexral growth layer (i.e, in tite bulk device region 11). Then. DRAM cells 143 
(FIG 10) SOIMOSFETs 45, and devices 144 of tite peripheral circui, are formed u, .he 
respective regions 11 and 12. The protection film 122 is formed over me entire surface, 
and Ure suicide 123 is provided on the source and drain of tire SOIMOSFET 45 where tire 
protection film is removed selectively. The interlevel dielecttie 12) is deposited. The brr- 
Hne conmc, plug 124 for connecting me drain of tire DRAM eeU teansismr 143 ,o tire fa. 



28 



line 125 and the plug 128 for connecting the source and the drain of the SOIMOSFET 45 
to the upper-level interconnection, are formed. Finally, upper-level interconnections 125. 
126 and 127 are formed using an ordinary technique. 

In the example shown in FIG. 12. the first part of the trench capacitor 130 expands 
5 toward the region directly below the DRAM cell transistor, making good use of the sibcon 
base substrate 10. Tnis arrangement allows the storage capacitance or the arrangement 
density of the trench capacitor to be increased without increasing the DRAM array size. In 
addition, the endmost second isolation 107c functions as the boundary layer. Consequently, 
suess at the boundary is reduced, and increase in chip size is prevented. Selective epit^al 
,0 growth allows the device fabrication surfaces of the bulk growth layer 106 and the SOI 
layer 103 to be in alignment with each other, and the devices belonging to afferent 
functional blocks can be arranged at a uniform leveL 

<Sixth EmbodimenO 

, 5 FIC. 13 schemaucally illustrates the semiconductor chip 200 according to .be six* 

embodiment of the invention. The semiconductor chip 200 comprises . silicon base 
square 201, a bulk device region 11 having a butt growth layer (e.g., an epitaxial grow* 
byer) 206 on the base subsrrate 201, an SOI device region 12 having a buried oxide 202 on 
the base mbamc 201 and an SOI layer 203 on .be buried oxide 202, a boundary layer 407 

2 0 .ocated a. the boundary between the bulk device region 11 and Ore SOI device region 12, 
and a dtunmy capacitor (or a dummy pattern) 240. The dummy capacitor 240 is posinoued 
in the bulk device region 1 1 near the boundary. 

The semiconductor chip 200 also has DRAM ceUs 213 and peripheral MOSFETs 
214 positioned in the bulk device region 11, and SOIMOSFETs 216 positioned in the SOI 

25 device region 12. The device-fabrication surface of the bulk grow* layer 206, in which the 
DRAM cans 213 and the peripheral MOSFETs 214 are formed, and the device-fabneanot, 
surface of the SOI layer 203, in which .he SOIMOSFET 216 is formed, are a, subs.anr.aUy 
the same level. 

The devices in the bulk device region 11 are separated from one another by first 



Marions 205,. and the devices in .he SOI device region are KfMd M. one another by 
second isobmous 205b. The depth of the first and second isolations 205a and 205b are 
substannaUy A. »e in the cample shown in FIG. 13. However, the second isolauon 
205b ma, be set ,0 be shaltower as long as i, reaches the buried oxide 202. By selecting 
5 such an etching condition that the etching rate with respect to silicon is much smaller man 
to for dioxide, the tat and second isolations 205. and 205b with different depths are 

formed by the same process. 

The depth of the dummy capacitor 240 is set to be deeper than the buried oxide 202 
of the SOI device region 12. Even if dislocation occurs at the boundary between the bulk 

,0 device region 11 and the SOI device region 12 and advances toward the bulk device region 
U as indicated by the arrow A, the dummy capacitor 240 stops the dislocation from 
expanding into the bulk device region 11. 

m the example shown in FIG. 13, the dummy pattern is formed as a dummy 
capacitor 240 having the same shape and structure as the trench capacitor 240 of the 

15 DRAM cell 213 positioned in the bulk device region 11. Accordingly, the dummy 
capacitor 240 is filled with the same material as the storage electrode 229, and has 
diffusion layer (or lower electrode; 231 and collar dioxide 217. However, the dummy 240 
does not necessarily have diffusion layer 231 or collar dioxide 217. Alternatively, the 
dummy capacitor 240 may be furnished with isolation, for example, the first isolation 

20 205a. in order to make the dummy electrically inactive. 

Such a dummy structure is applicable lo all of the previous embodiments. For 
example, although the semiconductor chip 200 shown in FIG. 13 has a boundary layer 207. 
as in the embodiment 1 shown in FIG. 2. an independent isolation 65c may be positioned at 
the boundary as the boundary layer. In this case, the dummy capacitor 240 is located in the 

25 bulk device region 11 near the boundary isolation 65c. In addition, the endmost isolation 
75a in the SOI device region 12 may function as the boundary layer, as illustrated in FIG. 
7. In this case, the dummy capacitor is again located in the bulk device region near the 
endmost isolation 75a. If the trench capacitor has the .wo-part structure shown in FIG.10, 
Ac dummy capacitor 240 may be forced in the same shape and structure as the trench 
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cp.ci.ox 130. However, toe dummy may, of course, be formed in a diffcren. shape from 
the trench capacitor X30 (for example, witoout toe upper electrode), to an, cases, the 
dummy capacitot 240 is deeper than toe buried oxide 202 of toe SOI device region 12. 

The dummy pattern is formed immediately after the epitaxial growth layer 206 » 
5 formed. If toe sysrem-on-chip has a t^en-eapacitor DRAM macro as a MM block to 
the bulk device region, as fl.usr.ared to me embodiments, i, is desirable ,0 form the dummy 
capacitor by die same process used to fabricating the trench capacitors. 

FIG 14 illustrates a layout example of the dummy capacitor 240 shown to FIG. 13. 
,„ this example, dummy capacitors 240. which have the same strucrure as the DRAM cell 

,0 trench capacitors 230. are arranged a,ong Ute boundary between the bulk device region 1 1 
end the SOI device region 12. As has been mentioned above, the dummy capacitor 240 
may not necessarily have rhe same structure as the trench Capacitors 230. However, the 
twenty to structure allows the process conditions to be agreed with those for the 
fenricarion of the memory cells. The depth of .he dummy capacitor 240 is set . be deeper 

IS than the buried oxide to the SOI device region 12. 

FIG. 15 Ulustrares modifications of the dummy pauern tor preventing expansion of 
dislocation more effectively. FIG. ISA shows line dummy 310 surrounding tire macro 
te , DRAM macro) in toe bulk device region 11. and FIG. 1» shows island dnmnues 
311 surrounding rhe macro. In either example, toe dummy patient is formed immediately 

,0 after the bulk growth .ayer (e.g., the epitaxial growth layer) is formed in toe bulk device 
region 11. If .he bulk device region 11 includes a DRAM macro as a functional block, the 
dummy patterns 310 and 311 are formed when toe DRAM trench capacitors are formed. In 
■his case, toe line width of toe line dummy 310 is desirably set .o be to agreemen. wito toe 
short side of the capacitor partem of the DRAM cell. Similarly, toe short side of tot island 

25 dummy 311 is desirably set to be in agreement with toe short side of the capacitor partem. 
This arrangement allows toe dummy pattern » be formed by toe same process used m 
fabricating the memory cells wito large process margin. 

The semiconductor chip 200 having the dummy patterns near toe boundary can 
effectively preven. dislocation from expanding into toe bulk device region from the 
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boundary, in addition to those advantages of reduction of stress, level uniformity of the 
device-fabrication surfaces, and prevention of increase in chip size. 

<Other Embodiments> 

In the first through fifth embodiments, the bulk growth layer is formed by selective 
epitaxial growth of single crystal silicon. However, the bulk growth layer may be formed 
of silicon germanium (SiOe) using epitaxia! growth, f urthermore, the bulk growth layer 
may be formed by non-selective epitaxial growth. 

The semiconductor chip may include two or more different types of bulk device 
rcBi0IlS For example, a silicon bulk growth layer and a silicon germanium bulk growth 
layer may be arranged in an SOI substrate. In this case, it is desirable that tie boundary 
between the SOI device region and each of the bulk device region, or between the bulk 
device regions, is filled with a gate electrode material, such as polysilicbn, SiGe, or other 
silicon-based coumpound semiconductor, used for the devices fabricated in the associated 
bulk device region. This arrangement can reduce stress and increase the design margin. 

The endmost isolation positioned closest to the boundary between the SOl device 
rtg ion and the silicon or SiGe bulk device region may function as the boundary layer. This 
arrangement can reduce dead space in the chip. 

For example, the semiconductor chip may have a DRAM macro in the silicon bulk 
region, a bipolar circuit in the SiGe bulk device region, and a logic circuit in the SOI 
device, which are all mounted on a single chip. The isolations in the respective bulk device 
regions and the SOI device region can be optimized, depending on tie characteristics of 
the devices or the functional block formed in these regions, as illustrated in the third 
through fifth embodiments. Optimization of the isolations realizes a high-performance 
system LSL 

Dummy parterns deeper than the buried oxide of the SOI substrate may be arranged 
in both the silicon bulk device region and the SiGe bulk device region along the boundary 
in order to prevent dislocation, which is likely to occur at the boundary, from expandmg 
into the bulk device regions. The dummy pattern ma> be a dummy trench having the same 
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structure * a trench capacitor when the bulk device region includes trench cap.ci.or, 

vMi. « *• » **« "■>- tadudes vertcal Wpolal ** dUmmy 

pattern may be a deep rrench having Ire same secure as Ore deep isolation for separa.tng 
the ,„ of tite bipolar transistor. The buried insulator of the SO. subsrra.e is nor 

limited to a buried oxide. 

M the embodiments imply various modifications and substitutions possible by 
adjusting the etching condition* of Bench isolations, for example, in the second 
embodiment shown in FIG. 4. the isolations 6*. «5b. and 65c are formed 
device region and the SOI device region a, the same time by setting an etching conditio, 
where silicon and dioxide are etched a. the same etching rate. However, if an etchtng 
condition where the etching rate with respect to dioxide is slower than mat for silicon . 
adected, the second iso.ation 65b in the SOI device region 12 becomes shaUower than me 
« isolation 65a in the bulk device region II. To be more precise, rhe isolation 65c 
loC a,.d at the boundary becomes asymmetric, m other words, a pan of the isolation 65c 
positioned on the buried oxide 52 is of the same depth as the second isolation 65b m the 
SOI device region 13. and the other part of the isolation 65c is as deep as the first isolanon 
65a in the tank device region 11. Ir is preferab.e for the isolations 65. and 65c to be deeper 
^ <he interface between the base substrate 51 and rhe buried oxide 52 for the purpose of 
completely removing the damaged portion of the bulk growth Uyer near the bounty due 
,0 the adverse influence of the sidewall protection film or crystal defect. 

The isolations 65a, 65c positioned in the bulk device region 11 may be fabricated m 
, _ process from the fabrication process for me isolation 65b in the SOI device 
regi on 12. For example, the isolations 65. and 65c are fabricated together under the 
cchin- condition where silicon and dioxide are etched at the - etching rate, and me 
nation 65b is formed under a different condition where the etching rate wirh respect to 
dioxide is Slower than that for silicon. In such a case, tire boundary isolation 65c becomes 
asymmetric, and the isolation 65b in the SOI device region 12 is optimized. The shallow 
«„ch of me isolation 65b is easily and precisely filled with an insulator, allowtng 
miniaturized isolation patterns of the logic circuit. 



Furthermore the uniformity of the device-fabrication surfaces over the bulk device 
region and the SOI device region can prevent adverse effect on subsequent processes. An 
appropriate boundary layer reduces undesirable stress and the resultant crystal defect at the 
boundary between the bulk device region and the SOI device region. The improved layout 
arrangement of the isolations located on and near the boundary can prevent an increase in 
chip size. 



